In this paper, a novel technique is presented for realtime identification of Induction Motor (IM) parameters. The method is based on the IM model in the synchronously rotating frame and it utilizes sinusoidal PWM voltage signals for parameters identification tests. The proposed algorithm provides accurate estimation of the stator and rotor parameters based on the stator current measurement and voltage command. As compare to the commonly used techniques for the tuning of the slip gain the IM torque measurement is not required. Validation simulation and experimental results are presented.
Introduction
The real-time identification of induction machine (IM) parameters improves the efficiency of AC drives in the changing operational environment. It is especially important for advanced control schemes without rotational transducers that rely on the accurate machine models. Another aspect of the real-time monitoring of IM parameters is the failure detection, analysis and mitigation. tem technique is applied in [6] using the special form of IM model with separated flux and current dynamics to estimate rotor and stator resistances.
In this paper, a novel identification scheme of IM parameters is suggested that utilizes the projection of the voltage signal on the axes related with the stator current in the synchronously rotating frame. The paper first describes in Section 1 the dynamic model of I M and control problems, the parameters estimation algorithm and identification tests are given in Section 2 with simulation and experimental results being reported in sections 3 and 4.
Dynamic model of :in induction motor and control problems
Consider the dynamic model of an induction motor (IM) in the stator frame [7] where Integrating the signal w,' (7) provides information about the reference frame related with the rotor flux where the separation of the flux and torque tracking is achieved. The slip gain is estimated using standard IM characterization procedure [SI or common practice is to use the dynomometer tests with the true value of 17 providing the maximum torque output given current reference commands.
In many applications it is desirable to avoid measurements of the rotor position or speed (such sensors make the system expensive and less reliable). Thus the problem of the estimation of the rotor speed from the available for the measurement stator current and stator voltage command arises lim ~3 -+ w (9) t+m where 3 is a rotor speed estimate.
In some rotor-flux-oriented torque and flux regulation schemes the value of the rotor flux or its estimate is used. Thus the next problem is to construct an observer for the rotor flux with the convergence where i,. is a rotor flux estimate.
Since parameters of the IM may change during its operation and their exact values may be essential for the quality of control, the problem of online estimation of the motor parameters arises. In particular, rotor and stator resistances are to be estimated
The results on first two problems of the rotor speed and flux estimation using the IM model with separated flux and stator current dynamics have been reported in 191.
The adaptive scheme that provides the rotor and stator identification if the tuning model input is persistently exciting (PE) has been designed in [6] .
This paper reports a simple practical procedure of the IM identification using the projection of the voltage signal on the axes related with the stator current in the synchonously rotating frame. The identification scheme is based on the steady-state IM signals and it does not involve calculation or approximation of the current and voltage derivatives. 
IM identification model and tests

Parameters estimation tests
Testl: Estimation of parameters PI, P 2 at no load condition (the slip frequency equals to zero ) defines the value of the stator resistance and inductance 
give the estimation of the rotor resistance r, E ~(~i l~, =~.
The second parameter provides the estimation of the sum of the rotor and stator self inductances
L2,
Lis + -h r p~I w , = w .
Equalities (29), (34), (35)define the set of the I M parameters.
Note that when the rotor speed is measured then the estimations (34),(35) can be performed at any value of the slip frequency by resolving nonlinear expressions (23), (27) . From (23) follows that the second addendum in (23) has maximum value for fixed excitation frequency when the slip frequency equals to Selecting the slip frequency close to the expected value of the rotor time constant increase the accuracy of the rotor resistance estimation. For the locked rotor test the rotor flux is not aligned with the stator current and the flux amplitude is lower A, = .015Wb. The P I , P z estimates in Figure 3 give the values for the nonlinear terms 
Experimental results
The real-time parameters identification algorithms were implemented on the low-scale dynamometer shown in Figure that are close to the value:; in Table 2 obtained by the constrained optimization. The constrained optimization procedure is developed for the accurate simultaneous estimation of the leakage parameters and the rotor resistance for the operational conditions when the slip frequency is of the same order of magnitude as the machine slip gain.
0 The real-time characterization of the specialty I M shows good correlation with the IM parameters previously identified using a set of the dynamometer-based tests.
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